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INTRODUCTION 


The  growth  regulator,  2 ,3 , S-triiodobenzoic  acid,  abbreviated  TI8A, 
has  been  recomnended  to  increase  the  number  of  pods  on  soybean  plants 
(Burton  and  Curley,  1966;  Anderson,  1966).     Sorae  investigators  consider 
it  to  be  an  auxin  (Thimann  and  Bonner,   1948;  Muir  and  Hansch,  1951; 
Zimnerman  et  al^.  ,  1952;  Aberg,   1953)  and  others  consider  it  to  be  an 
antiauxin  (Galston,   1947;  Grunshaw  and  Murey,  1955;  Gresr  and  Anderson, 
1965).     When  used  to  stimulate  pod  production  in  soybeans,   the  results 
have  been  variable,  with  some  investigators  reporting  stimulation 
(Zimmerman  and  Hitchcock,  1942;  Waard  and  Roodenburg,   1948;  Gorter, 
1949),  and  others  reporting  no  significant  increase  or  even  a  decrease 
in  pod  production  ('.'Thiting  and  Murray,   1948;  Hartvvig,  1966;  Smith,  1967) 
Perhaps  the  inconsistency  of  the  results  could  be  due  to  the  effects  of 
the  TIBA  on  pollen  development,  since  growth  regulators  have  been  shown 
to  reduce  germination  and  tube  growth  of  pollen  at  concentrations  used 
to  promote  pod  formation  on  soybeans.     To  test  this  hypothesis,  this 
study  was  undertaken.     It  would  have  been  desirable  to  use  soybeain  as 
the  source  of  pollen  and  attempts  were  made  to  do  so.     However,  due  to' 
the  small  number  of  flov/ers  produced  per  plant,   the  small  ajnount  of 
pollen  produced  per  flower,  and  the  difficulty  of  extracting  the  pollen, 
this  species  was  discarded  and  Ornithogalum  caudatum  Ait.  and  Petunia 
hybrida  Vilm.   used  as  a  source  of  pollen  for  this  study. 

The  results  indicate  that  TIBA  is  inhibitory  to  pollen  germination 
at  the  concentrations  usually  applied  to  stimulate  soybeans.     Also,  some 
interactions  among  TIBA  and  other  grov/th  regulators  were  found  and  are 
described. 


MATERIALS  AND  METKODG 

Freshly  harvested  pollen  from  Orni thogalum  caudatum  Ail.  and 
Petunia  hybrida  Vilm.  were  used  for  this  study.     Ornithogalum  caudatum 
plants  were  raised  in  soil  in  9"-12"  pots  in  the  greenhouse  and  Petunia 
seeds  were  germinated  in  Vermiculite  in  growth  chambers.     The  seedlings 
of  Petunia  ivere  transplanted  into  9  inch  pots  containing  soil  and  a 
moderate  amount  of  fertilizer.     These  pots  were  also  kept  in  greenhouse. 
Although  the  main  emphasis  was  on  Ornithogalum  pollen,  Petunia  pollen 
were  used  for  comparison  in  some  of  the  experiments. 

Ornithogaliiiii  caudatum  Ait.  is  a  member  of  the  Liliaceae,  and 
occasionally  grown  as  an  ornamental.     It  is  native  to  South  Africa 
(Bailey,   1916).     Its  pollen  is  binucleate,  with  the  generative  cell 
often  in  a  state  of  an  "arrested  prophase  in  the  mature  pollen  grain" 
(Brewbaker,   1959b),  but  it  divides  to  form  two  sperm  cells  during 
growth  of  the  pollen  tube.     Brewbaker  (1959a)  observed  that  binucleate 
pollen  have  a  long  storage  life  and  germinate  readily  in  culture. 

Petynia  belongs  to  the  family  Solanaceae.     These  are  small  herbs 
grown  for  their  showy  bloom  as  garden  annuals.     Petunia  hybrida  Vilm., 
the  common  garden  petunia,  probably  is  a  hybrid  derivative  of  P. 
axillaris  BSP.  and  P.  violacea  Lindl.   (Bailey,  1916). 

Both  species  when  grecAnhouse  grov/n  provide  pollen  throughout  the 
year  and  are  suitable  for  physiological  studies.     Pollen  were  collected 
from  freshly  opened  flowers  for  each  exper:'.Tient. 

Germination  studies  were  carried  out  using  a  modified  hanging 
drop  method  in  petri  dishes   (Goss,   1962).     Six  circles   (corresponding  ' 
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to  the  number  of  treatments  for  one  replication)  of  about  one  cm  diameter 
were  drav/n  with  a  ro^d  glassmarking  pencil  on  lower  surface  of  the  cover. 
This  confined  the  germ.ination  medium  to  a  given  area.     Each  pctri  dish 
represented  one  replication.     In  the  circle  marked,  a  drop  (approximately 
0.01  ml)  of  germination  medium  was  placed  and  then  the  fresh  pollen 
grains  were  sprinkled  on  the  surface  of  the  drop  with  the  help  of  a 
dissecting  needle.     Fresh  solutions  and  clean  glassware  were  always 
used.     Pollen  from  a  single  flov.er,  preferably  from  one  anther,  v/ere 
used  for  each  replication.     A  small  quantity  of  v/ater  v/as  added  at  the 
base  of  the  petri  dish  and  one  drop  of  Kodak  Photo-flo  solution  was 
mixed  with  the  water  to  keep  the  water  surface  uniform  at  the  bottom  of 
the  petri  dish.     The  water  in  the  bottom  of  the  petri  dish  increased 
the  vapor  pressure  of  the  atmosphere  during  pollen  germination.  The 
cover  was  slov;ly  inverted  over  the  bottom  and  these  petri  dishes  were 
incubated  at  a  favorable  temperature  (24-29°  C)  for  30-60  minutes. 
After  this  the  petri  dishes  were  taken  out  and  photomicrographs  were 
taken  of  each  treatment  with  a  SOX  magnification  for  Ornithogaluri  and 
lOOX  magnification  for  Petunia.     The  films  were  developed  and  prints 
made.     The  printed  pictures  were  analyzed  to  determine  the  percentage  of 
pollen  grains  germinated  and  average  tube  length.     The  values  reported 
in  the  results  are  percentages  of  the  maximum  germination  (control)  re- 
corded for  each  study.     LSD        values  were  determined  for  each  study. 

The  germination  media  were  prepared  using  deionized  distilled 
water  and  analytical-reagent  grade  chemicals.     The  basal  medium  of 
Goss  (1962)  was  used  for  supplying  the  inorganic  nutrients  needed,  viz. 
boric  acid  (1/2  ml,  of  630  mg  H3BO3/25O  ml  per  10  ml)  plus  1  g/10  ml 
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(10%)  sucrose  were  used  for  Ornithogalum  and  1/2  ml  of  boric  acid 
(1.423  g  H3BO3/25O  ml)  per  10  nl  plus  1.5  g/10  ml   (15%)   sucrose  for 
Petunia.     For  Orrdthocjalum  5  ml  of  macro  and  1  ml  of  micronutrients  per 
10  ml  were  used.     The  macronutrient  stock  solution  consisted  of: 

Ca(N03)2.4H2O   .-^  2.86  g 

KNO3    8.00  g 

KH2PO4  —   — 1.00  g 

MgS04.7H20    6.00  g 

These  compounds  were  dissolved  in  ivater  and  diluated  to  one  liter. 
The  micronutrient  stock  solution  consisted  of: 

FeS04  .  7H2O  50  mg 

MnCl2.4H20   5  mg 

ZnCl2   2  rag 

CUCI2.2H2O   1  mg 

These  were  dissolved  in  water  and  diluted  to  one  liter. 

The  macro-  and  micronutrient  stock  solutions  were  kept  in  the  re- 
frigerator.    To  this  basic  medium  were  added  the  pure  growth  regulators. 
The  pK  values  of  the  media  were  maintained  at  pH  4.2-5.4  for 
Ornithogalum  and  5.9-6.7  for  Petunia  studies  and  adjusted  with  O.OIN 
NaOH. 

TIBA.  ivas.  obtained  from  Eastman  Kodak  Company,   Rochester,  ^f'ew  York, 
on  30  September,  1966.     It  is  insoluble  in  water.     Weeraratne  (1965) 
dissolved  TIBa  in  O.lN  NaOH  and  then  neutralized  the  base  with  O.IN  HCl 
and  used  the  neutralized  solution  for  the  experimental  studies.  In 
the  latter  part  of  his  investigations  he  obtained  a  water  soluble  sodium 
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salt  of  TIBA  from  coininercial  sources  and  used  this  for  the  tests. 
Greer  and  Anderson  (1965)  prepared  the  stock  solution  by  dissolving  10  g 
of  TIBA  in  95%  ethanol  to  a  volume  of  one  liter.     The  author  prepared 
the  stock  solution  of  TIBA  by  dissolving  10  mg  in  4  ml  of  95%  ethanol 
and  milking  the  volume  to  10  ml  by  deionized  distilled  water.     10  mg  of 
TIBA  could  be  dissolved  in  3  ml  of  95%  ethanol  and  made  the  volume  to 
10  ml  by  adding  water  but  on  standing  for  an  hour  or  so  it  precipitates 
out.     A  fresh  stock  solution  was  prepared  for  each  experiment. 

Indole-3-acetic  acid  (lA^^)  was  obtained  from  Nutritional 
Biochemical  Corporation,   Cleveland,  Ohio,   in  April,  1967.     This  auxin 
is  insoluble  in  water.     10  mg  of  lAA  was  dissolved  in  1  ml  of  95% 
ethanol  and  the  volume  was  made  to  10  ml  to  prepare  the  stock  solution. 
This  stock  solution  was  also  prepared  fresh  for  each  experiment,  as  it 
decomposes  on  standing  overnight. 

Trans -cinnam.ic  acid,  abbreviated  t-CA,  was  obtained  from  Eastman 
Kodak  Company,  Rochester,  New  York  in  October  1967.     Nagao  and  Ohivaki 
(1955)  recrystallized  t-CA  froi.^  alcohol   (M.P.  of  product  133°  C,  re- 
ported 133°  C).     The  author,   for  these  studies,  prepared  the  stock 
solution  by  dissolving  10  mg  of  t-CA  in  2  ml  of  95%  ethanol  and  the 
volume  was  made  to  10  ml  by  adding  water. 

Puromycin  dihydrochloride  was  obtained  from  Nutritional  Biochemical 
Corporation,   Cleveland,  Ohio,   5n  September,   1967.     This  salt  is  water 
soluble,   so  10  mg  was  dissolved  in  water  and  diluted  to  10  ml  and  was 
used  for  the  experimental  studies.     This  stock  solution  was  kept  in 
refrigerator  for  use,  when  required. 
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All  tho  measurements  for  calculating  the  average  length  of  pollen 
tubes  were  done  in  millineters •     Very  long  tubes  were  discarded  and  the 
photomicrographs  v;ere  taJken  froni  the  most  representative  field  views 
under  the  micro.^cope .     Population  effect  was  eliminated  by  uniforra 
pollen  distribution.     All  the  experiments  were  repeated  at  least  twice 
before  reporting  the  results. 


EXPERIMENTAL  RESULTS 


A.     Effects  of  Grov/th  Regulators 

Experiments  using  two  important  growth  regulators  viz.  TIBA  and 
Purcinycin  v/ere  performed  to  determine  the  effects  of  these  growth 
regulators  on  gerjiination  and  growth  of  pollen  tubes  of  Ornithogalur.i 
cau datum  at  different  concentrations.     Pollen  of  Petunia  hybricia  were 
also  used  to  study  the  effect  of  TIBA  on  geimination  and  tube  gro'.,'th. 
The  growth  regulators  were  added  to  the  culture  medium  and  pollen 
germinated  and  studied  using  the  hanging  drop  method.  Observations 
v:ere  made  30  to  60  minutes  after  inoculation  (Tables  1,  2,  and  3). 

Table  1  shov/s  the  effect  of  various  concentrations  of  TIBA  on 
germination  and  tube  growth  of  Ornithogalum  caudatun  pollen.     The  test 
consisted  of  six  treatments  and  eight  replications.     It  was  found  that 
TIBA  at  more  than  20  ppm  inhibited  germination  significantly.  More 
than  50%  inhibition  over  control  was  found  at  100  ppm  concentration  of 
TIBA.     The  inhibition  of  pollen  tube  groivth  was  more  significant  than 
inhibition  of  germination.     At  20  ppra  concentration  of  TIBA  more  than 
70%  inhibition  of  the  pollen  tube  growth  over  control  was  found.  A 
subsequent  increase  in  TIBA  concentration  did  not  produce  a  proportion- 
ate inhibition  in  pollen  growth  as  was  also  the  case  for  germination. 

Table  2  shows  the  inhibition  effect  of  TIBA  on  germination  and 
pollen  tube  growth  of  Petunia  hybrida .     In  this  experiment  six  treat- 
ments and  six  replications  ivere  used.     A  507o  inhibition  of  germination 
over  the  control  v;as  found  at  a  concentration  of  40  ppm  TIBA.     At  higher 
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Table  1.     Effect  of  TIBA  concentration  on  Germination  and  Tube 

Growth  of  Ornithoqalum  pollen   (after  30  mins.  at  24°  C) 


TIBA  Germination  Tube  length 

conc.(pprii)  {%  of  control)  {%  of  control) 


0 

100 

100 

20 

82 

27 

40 

66 

21 

60 

67 

22 

80 

62 

18 

100 

41 

17 

LSD 
o5 

19 

6 

Table  2.     Effect  of  TIBA  concentration  on  Germination  and  Tube 
Growth  of  Petunia  pollen  (after  1  hr.  at  28°  C). 


TIBA  Germination  .  Tube  length 

conc.(ppra)  (%  of  control)  (%  of  control) 


0 

100 

100 

20 

67 

42 

40 

48 

37 

60 

29 

37 

80 

16 

37 

100 

4 

13 

LSDo5 

10 

6 

concentrations   (80  and  100  ppm)   the  inhibition  effect  was  greater  than 
in  Ornithogalum  caudatum.     The  differences  between  the  treatments  are 
statistically  significant.     Pollen  tube  growth  was  found  to  be  more 
sensitive  than  germination.     A  587o  inhibition  of  pollen  tube  growth 
over  the  control  was  found  at  a  concentration  of  20  ppm  TIBA.  Subse- 
quent increase  in  TIBA  concentration  did  not  effect  pollen  tube  growth 
until  a  concentration  of  100  ppn  was  used. 

Data  are  presented  in  Table  3  to  show  the  effect  of  Purornycin  on 
germination  and  tube  growth  of  Ornithogalum  caudatum  pollen.  During 
this  study  it  -vvas  found  that  this  growth  regulator  proved  neither  stimu- 
latory nor  inhibitory  for  both  the  germination  and  tube  growth,  over 
the  concentration  range  used.     The  test  contained  six  treatments  and 
four  replications.     Similar  results  v;ere  found  in  preliminary  investi- 
gation on  pollen  of  Antirrhinum  ma jus  at  this  laboratory. 

B.     Interaction  Among  Growth  Regulators 

Table  4  shows  the  effect  of  TIBA  at  a  constant  level  and  lAA  at 
various  levels  on  germination  and  tube  growth  of  Ornithogalun_  caudatum 
pollen.     From  the  studies  of  other  workers   (Smith,   1939;  Goss,  1963; 
Panchall,  1964,  etc.)  it  is  known  that  lAA  alone  at  a  very  low  con- 
centration has  a  slight  stimulatory  effect  on  pollen  germination  and 
tube  grov/th  and  at  higher  concentrations  it  is  inhibitory  for  both. 
Tables  1  and  2  show  that  TIBA  is  also  an  inhibitor  of  germination  and 

tube  growth  of  Ornithogalvun  and  petunia  pollen.     With  a  LSD        of  40 

•  05 

for  germination  and  30  for  tube  grov;th  Table  4  shov/s  that  there  is  an 
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Table  3.     Effect  of  Puroiaycin  on  Geriiiination  and  Tube  Growth 
of  prnithoq.a3un  pollen   (after  50  mins.  at  26°  C) 


Puromycin  Germination  Tube  Length 

cone,   (ppm)  {%  of  control)  {%  of  control) 


0 

100 

100 

20 

119 

120 

40 

121 

101 

60 

105 

98 

80 

115 

101 

100 

78 

120 

^S^o5 

32 

25 

Table  4.     Effect  of  the  Combination  of  TIBA  at  Constant  Level 
and  lAA  at  Various  Levels  on  Germination  and  Tube 
Growth  of  Ornithogaluni  pollen  (after  40  mins.  at  27°  C) 


Cone,   (ppm)  Germination  ,         Tube  Growth 

TIBA  +  lAA  (%  of  control)  (%  of  control) 


40  +  0 

100 

100 

40  +  10 

140 

111 

40  +  20 

133 

12^ 

40  +  30 

117 

108 

40  +  40 

116 

117 

40  +  50 

123 

122 

^^o5 

40 

30 
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interaction  between  these  two  growth  regulators.     For  this  test  there 
were  six  treatments  and  six  replications.     At  higher  concentrations  of 
lAA  bursting  of  pollen  grains  and  deformation  of  tubes  was  observed. 

The  effect  of  the  same  growth  regulators  were  studied  but  in  re- 
verse ord^r  (Table  5).     In  the  first  treatment,   i.e.,   lAA  +  TIBA  with 
50  +  10  ppm  concentration  respectively,   it  was  found  that  there  is  an 
interaction  between  these  two  growth  regulators,  but  with  the  increased 
concentrations  of  TIBA  and  lAA  at  a  constant  level  (50  ppm)  no  inter- 
action between  these  regulators  was  found.     In  this  experiment  it 
appears  that  TIBA  does  not  alleviate  the  inhibitory  effects  of  lAA  at 
the  concentration  range  used.     It  is  rather  more  convincing  that  both 
of  these  tivo  growth  regulators  act  independent  of  each  other.  Differ- 
ences between  the  treatments  were  not  very  significcint  but  an  inhibitory 
trend  is  more  pronounced  in  tube  growth  than  germination.     These  results 
were  not  as  expected  and  this  discrepancy  will  be  discussed  in  the 
Eti-scussion  and  Literature  Review.     In  this  experiment  the  same  number  of 
treatments  but  eight  replications  were  used.  ■ 

The  effect  of  t-CA  at  a  constant  level  and  TIBA  at  various  levels 
on  germination  and  tube  growth  of  Ornithogalum  pollen  were  studied  and 
results  are  given  in  Table  6.  This  experiment  was  based  on  six  treat- 
ments and  six  replications.  This  study  shows  that  there  is  no  inter- 
action betvyeen  these  two  growth  regulators  at  the  concentrations  used. 
At  a  concentration  of  30  +  100  ppm  of  t-CA  and  TIBA  respectively,  an 
81%  inhibition  over  the  control  in  germination  and  83%  inhibition  over 
the  control  in  tube  growth  was  observed. 


Table  5.  Effect  of  the  Combination  of  lfi.\  at  Constant  Level 
and  TIBA  at  Various  Levels  on  Geriaination  and  Tube 
Growth  of  Orni the gal urn  pollen  (40  rains,  at  26°  C) 


Cone,   (ppa)  Germination  Tube  Length 

lAA  +  TIBA  (%  of  control)  (%  of  control) 


50  +  0 

100 

100 

50  +  10 

126 

99 

50  +  20 

78 

46 

50  +  30 

70 

32 

50  +  40 

63 

26 

50  +  50 

59 

21 

LSDo5 

28 

24 

Table  6.     Effect  of  the  Combination  of  Trans -cinnaraic  Acid 

(t-CA)  at  Constant  Level  ajid  TIBA  at  Various  Levels 
on  Germination  and  Tube  Growth  of  Orni thogalum 
pollen  (1  hr.  at  2  6°  C) 


Cone,   (ppm)  Germination  Tube  Length 

t-CA  +  TIBA  (%  of  control)  {%  of  control) 


30  +  0 

100 

100 

30  +  20 

64 

43 

30  +  40 

44 

31 

30  +  60 

25 

23 

30  +  80 

25 

22 

30  +  100 

19 

17 

^°o5 

17 

12 

13 


Table  7  is  presented  to  show  the  effect  of  TIBA  and  Puromycin  on 
germination  and  tube  growth  of  Ornithogalum  pollen.     No  interaction  be- 
tween these  regulators  was  found  at  the  concentration  range  used,  again 
showing  an  independent  activity  of  both  the  regulators.     The  results  are 
based  on  six  treatments  and  six  replications. 

From  these  experiments  one  raay  conclude  that  pollen  tube  growth  re- 
sponds more  to  these  growth  regulators  than  does  germination. 


Table  7.     Effect  of  the  Combination  of  TIBA  at  Constant  Level 
and  Puromycin  at  Various  Levels  on  Germination  and 
Tube  Growth  of  Ornithogalum  pollen  (45  mins.  at  26°  C) 


Cone,   (ppm)  Germination  Tube  Length 

TIBA  +  Puromycin  {%  of  control)  (%  of  control) 


20  +  0 

100 

100 

20  +  20 

98 

89 

20  +  40 

95 

98 

20  +  60 

74 

78 

20  +  80 

84 

90 

20  +  100 

89 

94. 

^^05 

20 

21 

DISCUSSION  AND  LITERATURE  REVIEW 

Since  Von  Mohl   (1839)  observed  that  pollen  of  some  species  would 
form  tubes  readily  in  moist  air,  numerous  attempts  have  been  made  to 
cultivate  pollen  artificially.     It  has  been  found  that  different  species 
vary  considerably  in  the  ease  with  which  the  pollen  may  be  germinated  in 
vitro  (Brink,   1924a).     In  some  species,   the  pollen  may  germinate  under  a 
wide  variety  of  conditions,   in  ot'ier  species  the  requirements  for  germi- 
nation are  quite  specific  and  with  not  a  few  species  the  methods  thus 
far  devised  have  given  only  negative  results.     Pollen  tube  growth  is  | 
likewise  sensitive  to  temperature,  moisture,  sugar  concentration,  pH, 
growth  substances,  inorganic  elements,  etc.     If  the  right  medium  is 
available,  tubes  will  be  produced  within  a  few  hours  (Brink,   1924a, b,c). 
Brink  (1924a)   found  a  serai -solid  agar  medium  to  be  suitable  for  culti- 
vating pollen  artificially.     Since  Schleiden  (1849)  and  Van  Tieghem 
(1869)  made  the  first  serious  attempts  to  cultivate  pollen  artificially, 
cane  sugar  (sucrose)  solutions  have  been  frequently  employed  as  media 
and  with  some  success.     Of  nur,ierous  studies  that  have  been  reported, 
only  a  few  contribute  evidence  of  critical  value  in  determining  the 
part  played  by  suga.r  as  a  nutrient.     The  reserve  nutrients  in  the  pollen 
grains  are  probably  sufficient  to  support  an  appreciable  amount  of  grov/th 
and  it  must  be  considered  th.at  the  supplementary  suga.r  by  a  purely 
osmotic  action,  might  alter  the  physiological  conditions  of  the  medium 
so  that  growth  could  proceed  until  this  stored  material  is  exhausted. 
Brink  (1924d)   interpreted  the  bursting  of  tubes  so  frequently  en- 
countered in  the  artificial  culture  of  pollen  as  an  osmotic  phenomenon. 
Vasil  (1963)   reported  that  a  study  of  metabolic  activity  of  pollen  in 


16 


relation  to  utili:?aT.ion  of  exogenous  sugar  has  proved  that  the  pollen 
tubes  cannot  grou-  merely  on  the  endogenous  food  reserves. 

Although  pollen  grains  from  sone  sp-ecies  can  germinate  and  grow 
readily  in  water  or  in  sugar  media  without  an  external  supply  of  nutri- 
ents,  their  rate  of  growth  can  be  accelerated  by  the  crushed  tissues  of 
the  stigma  or  their  extracts   (Knov;lton,   1922;   Sasaki,   1928;  Noguchi,  1931), 
by  vitamins   (Dandliker,  Cooper,  and  Taub,  1938;   Cooper  1939),  and  by 
growth  promoting  substances  such  as  3-IAA,  gibberellic  acid  and  kinin 
(Smith,  1938;  Addicott,  1943;  Loo,  et  al . ,   1944;  Kato,   1955;  Chandler, 
1957;  Konar,  1958;  Bose,   1959;  Goss,   1963,  etc.)* 

Among  the  inorganic  substances,  manganese  sulphate  and  boric  acid 
have  been  found  to  be  highly  growth-promoting.     Loo  and  Hwang  (1944) 
have  reported  the  stimulation  of  pollen-tube  growth  with  the  addition 
of  manganese  sulphate  in  pollen  from  nine  different  species.  Molisch 
(1893)  observed  that  the  stigmatic  secretions  of  many  plants  are  acids 
and  with  studies  on  Azolla  indica ,   Rho  do  den  dr  on  pon  ticum  and  R.  arboreum 
found  beautiful  germination  of  pollen  in  distilled  water  containing  0.01% 
malic  acid  or  a  little  calcium  malate.     Jost  (1907)  secured  pollen-tubes 
of  Rhododendron  species  12  mm  long  on  a  medium,  containing  5%  ca.ne  sugar 
and  0.01%  citric  acid.     Brink  (1924b)  reported  that  strong  acids  and  ..- 
basis  beyond  very  low  concentrations  totally  inhibited  germ.ination .  The 
same  author  (192^d)  demonstrated  that  a  small  amount  of  sterile  yeast 
added  to  sugar  media  stimulated  growth. 

The  suggestion  that  boron  may  be  an  essential  element  required  for 
normal  grov/th  was  made  by  Agulhon  in  1910.     A  few  years  later  this  was 
confirmed  beyond  any  doubt  by  the  work  of  Maze  (1915)  on  Zea  mays  and  of 
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Warington  (1923)  on  Vi  cia  f aba ,     A  great  deal  of  work  has  been  done  in 
the  past  50  years  on  the  effect  of  boron  defixiency  as  viell  as  toxicity 
and  the  role  of  boron  in  plant  growth.     Boron  has  also  been  said  to 
play  an  essential  role  in  fertilization  in  higher  plants.  Anthers 
appear  to  be  especially  sensitive  to  boron  deficiency.     Pollen  of  most 
species  seem  to  be  naturally  deficient  in  boron. 

During  the  years  1932,   1933  and  1935  Schmucker  published  a  series 
of  papers  from  Gottingcn  on  the  stimulating  effect  of  boron  on  pollen 
germination  and  pollen  tube  groivth.     He  observed  that  pollen  of  tropical 
Nymphaea  hardly  germinated  in  1%  glucose  but  satisfactory  germination 
could  be  obtained  by  supplementing  the  glucose  medium  with  stigmatic  ex- 
tracts.    On  analysis,  the  stigmatic  extract  was  shown  to  contain  appreci 
able  quantities  of  boric  acid.     Later,  he  successfully  germinated  the 
pollen  of  Nymphaea  in  1%  glucose  supplemented  with  boric  acid.     In  fact, 
on  quantitative  analysis  it  was  found  that  the  pollen  grain  required 
almost  the  same  concentration  of  boric  acid  as  was  present  in  the  stig- 
matic secretion.     Johri  and  Vasil  (1961)  reported  that  the  effect  of 
boron  on  pollen  germination  and  on  elongation  of  tubes  xvas  much  more 
marked  than  the  effect  of  any  known  hormone,  vitamin  or  chemical.  It 
promoted  absorption  of  sugar  and  other  metabolism  by  forming  sugar- 
borate  complexes,   increased  oxygen  uptake  and  was  involved  in  the 
synthesis  of  pectic  materials  required  for  the  wall  of  the  actively 
elongating  pollen  tube.     Vasil   (1963)  studied  five  concentrations  of 
boric  acid  along  with  sucrose  on  three  varieties  of  Arachis  hypogaea 
pollen  and  concluded  that  low  concentrations  of  boric  acid  (0.01  to 
0.015J2)   gave  the  optimum  percentage  of  germination  and  maximum  lengths 
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of  the  tubes.     He  also  reported  that  the  stirp.ulatory  effect  of  boron 

v/as  direct  and  not  secondary  in  nature  and  that  effect  of  boron  was 

much  more  pronounced  on  the  growth  of  pollen  tubes  than  the  germination 

of  pollen  grains.     Goss   (1962)  demonstrated  a  need  of  boron  for  Ornithogalum 

pollen  germination. 

Since  pollen  of  various  species  have  specific  nutrient  requirements 
for  germination  and  subsequent  tube  growth,  it  was  necessary  to  test 
various  media  to  determine  the  optimum  composition.     This  was  done  by 
Goss   (1962)  and  used  in  this  study. 

Opinions  are  so  conflicting  that  it   is  difficult  to  decide  whether 
pH,  over  a  reasonable  range,   influence  the  germination  of  pollen. 
Gotch  (1924)  pointed  out  that  the  dissolved  alkali  of  the  cover  glass 
greatly  affects  the  pollen  germination.     Brink  (1925)  assumed  that  pH 
may  modify  the  growth  of  the  pollen  tubes  through  a  direct  effect  on 
the  chemical  reactions  attending  the  digestion  of  the  reserve  food 
materials.     He  also  demonstrated  that  the  range  of  the  hydrogen  ion 
concentration  that  will  permit  the  strong  growth  is  significantly 
narrower  than  that  alloiving  a  high  percentage  of  germination.  Berg 
(1930)  and  Sisa  (1930),  Vasil  and  Bose  (1959)  are  of  the  opinion  that 
pH  is  not  an  important  factor  for  pollen  germination.     Panchal  (1964) 
reported  a  range  of  pH  6.0  to  6.5  the  optimum.  pH  both  for  germination 
and  tube  gro^vth  of  Petunia  pollen.     The  pH  of  the  nutrient  medium  is  a 
very  important  factor  for  proper  tube  growth  as  stated  earlier  by 
Brink  (1925).     Panchal   (1964)  also  reported  that  the  effectiveness  of 
gro-.vth  regulators  depends  upon  their  concentration  and  the  pH  of  tlie 
medium  in  which  they  exist.     Goss   (1962)   reported  4.5-4.7  optimum  pH 
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for  gerinin£ition  of  0 rn i t ho g a  1  urn  pollen.     CXiring  this  study  it  vvas  found 
that  the  germination  and  tube  grov/th  of  Petunia  pollen  was  more  sensi- 
tive to  pH  and  temperature  than  Ornithogalum  pollen. 

Grotvth  regulators  were  defined  by  Van  Overbeek  et_  al.   (1954)  as 
regulators  which  affect  flowering.     Leopold  (1964)  has  defined  them  as 
chemicals  which  may  participate  in  the  control  of  growth.  Plant 
physiologists  have  been  able  to  recognize  four  types:     auxins,  gibber- 
ellin,  kinin  and  inhibitors.     Van  Overbeek  et_  al.   (1954)  reported  that 
auxin  is  a  generic  term  for  compounds  characterized  by  their  capacity 
to  induce  elongation  in  shoot  cells.     They  resemble  indole-3-acetic 
acid  in  physiological  action.     Auxins  may,  and  generally  do,  affect 
other  processes  besides  elongation,  but  elongation  is  considered  criti- 
cal.    Auxins  are  generally  acids  with  an  unsaturated  cyclic  nucleus  or 
their  derivatives.     These  authors  also  defined  antiauxins  as  compounds 
which  inhibit  competitively  with  action  of  auxin.     The  inhibitors  include 
a  wide  array  of  chemical  entities  which  may  inhibit  grov/th  or  development 
functions  or  may  inhibit  some  component  reactions  relating  to  the  growth 
regulators.     Inhibitors  are  at  present  a  poorly  defined  group  of  grov/th 
regulators   (Leopold,  1964).     From  the  survey  of  literature  there  seems 
to  be  an  agreement  that  lAA  is  an  auxin  in  nature  and  Puromycin  is  an 
antibiotic.     But  there  is  a  difference  of  opinion  among  the  various  in- 
vestigators whether  TIBA  and  t-CA  are  antiauxins  or  uncoupling  agents. 

Effect  of  Grov/th  Regulators 

2 ,3, 5-triiodoben2oic  acid  (TIBA)  is  a  v/ell-known  auxin  antagonist 
the  precise  mode  of  action  of  which  is  still  unknov/n ;  however,  in 
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general  it  is  thought  that  its  action  is  effected  through  an  interfer- 
ence with  the  normal  auxin  systeni  of  the  plant  (Grunshav/  and  Morey, 
1965).     Burton  and  Curley  (1966)   found  a  reduced  plant  height  by  16% 
during  the  early  blossom  period  of  soybeans  by  spray  application  of 
TIBA.     They  also  found  an  increased  branching,  shortened  leaf  petioles 
and  a  conical -shaped  roiv  profile  a  4-15%  increase  in  pod  number.  They 
believed  that  these  TIBA  effects  are  brought  by  interference  with 
auxin  transport  in  the  plant  and  other  possible  interactions.  Greer 
and  Anderson  (1965)  came  out  with  the  same  type  of  result  except  that 
they  found  a  vertical  orientation  of  the  upper  leaflets  and  an  indirect 
effect  of  TIBA:     a  decrease  in  lodging  of  soybeans.     Weeraratne  (1965), 
by  using  tobacco  mosaic  virus   (TMV)  obtained  a  reduced  infectivity  by 
TIBA  and  suggested  that  inhibitory  effect  of  TIBA  on  TMV  infection  is 
due  to  the  influence  of  TIBA  on  the  host  metabolism.     Galston  (1947) 
noted  an  epinasty  of  young  leaves,   shortening  of  internodes  near  the 
apex,   loss  of  apical  dominance,   and  abscission  of  the  apical  bud  of 
Peking  and  Biloxi  soybeans.     He  negated  the  idea  of  florigenic  activity 
of  TIBA  and  suggested  that  TIBA  may  augment  the  action  of  flcrigen,  by 
affecting  other  metabolic  conditions  at  the  meristem. 

TIBA  has  been  classified  as  a  plant  growth  regulating  substance  • 
which  is  active  in  inducing  modification  of  organs  but  is  inactive  in  -  , 
causing  cell  elongation  or  root  formatio]i.     Whiting  and  Murray  (1948) 
separated  the  TIBA  from  lAA,,  Naphthaleneacetic  acid  (NAA)  ,  and  substi- 
tuted phenoxy  compounds  due  to  the  lack  of  cell  elongation  and  absence 
of  adventitious  roots  and  tumor  formation  of  bean  plants   (Phaseolus  vulga- 
ris var.  Red  Kidney).     These  authors  also  attributed  an  antiauxin  activity 
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to  TIBA.     Zimmerman  and  Hitchcock  (1942)   did  not  get  cell  elongation 
with  TIBA  on  Lycop'^rsicum  esculcntum  Mill,  and  excluded  the  TIBA  from 
the  definition  of  auxins.     But  these  authors  reported  a  florigenic 
activity  of  this  growth  regulator  to  which  later  studies  by  various 
workers  did  not  agree.     Gorter  (1949)  said  that  there  is  only  one 
synthetic  substance  to  influence  the  formation  of  flowers: 
2 ,3, 5-triidobenzoic  acid.     Snyder  (1949)   reported  an  inhibition  of 
rooting  of  cuttings   (of  Colcus  Blumei )  as  well  as  the  average  number  of 
roots  formed.     He  found  that  the  degree  of  inhibition  increased  rapidly 
with  increased  concentration  of  TIBA.     Tables  1  and  2  show  an  inhibi- 
tion in  germination  and  tube  grov/th  of  Ornithogalum  and  Petunia  pollen. 
My  results  agree  with  most  of  the  investigators  who  have  been  studying 
the  effect  of  TIBA  on  various  parts  of  the  plant  body  but  these  results 
are  quite  comparable  with  Snyder  (1949)  and  Nagao  and  Ohwaki   (1955)  that 
an  increased  inhibition  was  found  by  increased  concentration  of  TIBA 
and  more  so  that  tube  growth  was  greatly  influenced  by  TIBA  than  germi- 
nation.    Kiermayer  (1961)  also  fo  und  that  TIBA  inhibited  growth  in  length 
of  tomato  leaves  and  separation  of  their  priraordia  from  the  apical 
Tiieristera. 

Very  recently  Smith  (1967)  found  that  TIBA  causes  a  suppression  of 
branching,   decrease  in  flowering  responses,   as  expressed  by  the  number 
of  inflorescences  produced.     He  also  found  that  the  number  of  flowers 
per  inflorescence  increased  by  Kinetin,   decreased  by  TIBA  and  unaffected 
by  the  auxins.     Guha,   et  al . ,    (1966)  obtained  an  enhanced  auxin-effect 
instead  of  reversing  i t  by  antiauxin  like  substance,  TIBA.  Anderson 
(1966),  woxking  with  northern  soybeans  obtained  a  decrease  in  the 
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growth  at  the  stem  apex  which  speeds  up  the  reproduction  and  20%  more 
pods  were  found  on  the  plants.     Seed  yield  increased  by  107o,  but  he  re- 
ported a  tricky  timing  for  application  and  concentration  of  TIBA  also 
plays  an  important  role  in  getting  the  desired  effects.     Hartwig  (1966) 
came  out  v;ith  the  results  that  Southern  type  of  soybeans  did  not  show 
the  same  effects  as  did  the  northern  types.     He  attributed  this  differ- 
ence to  the  determinate  growth  type  of  southern  type  of  soybeans. 
Haitwig  says  that  the  results  of  his  experiments  offer  no  encouragement 
for  using  TIBA  to  increase  the  seed  yield  of  adapted  varieties  in 
Mississippi.     Tumanove  and  Lizandr  (1946)  m.entioned  that  different 
plants  showed  very  different  sensitivity  towards  TIBA.     Plants  of  Perilla 
nankinensi showed  a  retarded  growth  while  spraying  with  weaker  solu- 
tions of  TIBA  produced  an  increased  yield  of  alfalfa  seeds  in  a  long 
day  variety.     Although  the  mechanism  of  TIBA  inhibition  on  germination 
and  tube  growth  of  pollen  was  not  investigated  in  this  study  but  the 
opinions  differ  about  the  inhibition  mechanism  of  TIBA.     Some  investi- 
gators  (Aberg,   1953;  McRae  and  Bonner,  1953;  etc.)  are  of  the  opinion 
that  inhibition  mechanism  of  TIBA  is  of  a  competitive  type  while  others 
(Nagao  and  Ohv/aki ,   1955)   have  reported  that  TIBA  acts  as  an  uncoupling 
agent  like  2 ,4-dinitrophenol   (DNP).     Kennedy  and  Farrar  (1965)  supported 
the  idea  that  TIBA  blocks  the  lAA  transport  and  inhibition  effects  are 
in  response  to  auxin  deficiency.     TIBA  in  lov;  concentration  has  also 
been  said  to  possess  an  auxinic  activity  (Thimann  and  Bonner,   1948;  Muir 
and  Hansch,  1951;  Zim.mcrr.ian  ejt  al .  ,   1952;  Aberg,   1953,  etc.). 

The. concentrations  of  TIBA  used  (20  through  100  ppm)  to  study  the 
effect  on  germination  and  pollen  tube  growth  of  Ornithogalum  and  petunia 
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pollen  were  similar  to  and  often  less   than  used  by  others,  as  field 
sprays  to  alter  floivering.     This  study  indicates  the  possibility  that 
some  of  the  variations  observed  in  the  field  may  be  due  to  the  effects 
of  TIBA  in  inhibiting  pollen  tube  development,   and  therefore  the  normal 
functioning  of  pollen  in  fertilization. 

Another,  growth  regulator  which  was  tried  to  see  the  effect  on  ger- 
mination and  tube  growth  of  Ornithogalum  pollen  was  Puromycin  (generic 
name  for  Achromycin).     Puromycin  is  an  antibiotic  produced  by  actinomy- 
cetes ,  Streptomyces  alboniger.       This  ivas  formerly  known  as  Achromycin, 
the  trade  name  of  Lederlo  Laboratories  Division,  American  Cyanamide 
Company  (Yarmolinsky  and  De  La  Haba,   1959).     Stylomycin  is  the  current 
trade  name  of  Lederle  Laboratories  for  Puromycin.     Puromycin  has  a 
broad  range  of  biological  activity,  being  effective  against  bacteria, 
protozoa,  parasitic  v/orms   (Halliday,   1955),  an  alga     (Toraisek,  1957),- 
and  cells  of  mammalian  origin  (Halliday,   1955;  Lieberman,   1959).  Anti- 
biotic action  of  Purom.ycin  is  due  to  an  inhibition  of  protein  synthesis; 
specifically  at  a  site  involving  transfer  RNA.     Yarmolinsky  and  De  La 
Haba  (1959)  contributed  that  the  wide  variety  of  plant  and  animal  ma- 
terial showing  growth  inhibition  by  Puromycin  suggests  that  the  anti- 
biotic interferes  with  some  major  biochemical  process  not  differing  in 
detail  from  one  organism  to  another.     Richmond  and  Riale  (1966)  studied 
the  inhibition  of  the  incorporation  of  valine  and  leucine  into  protein 
of  climacteric  tissues  but  Puromycin,   in  this  study,   did  not  effect  the 
oxygen  uptake  of  the  discs.     Tokeda  et_  al..    (1960)   and  Sells  (1964) 
considered  Puromycin  to  be  a  potent  inhibitor  of  protein  synthesis  in 
microorganibiis  and  Muller  e_t  al.   (1962)   found  the  same  effect  in 
meunmalian  cells.     In  E.  Coli  15T    Puromycin  inhibited  protein  font:ation 
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while  allowing  ribosomal  and  transfer  RT-IA  (Sells,   1964)  to  accumulate. 
Sells   (1965)   indicated  that  synthesis  of  individual  protein  by  the 
sajiic  organism  may  be  effected  quite  differently  by  Puromycin.     In  in- 
tact plant  tissues,  higher  concentrations  of  Puromycin  are  required. 
Mann  (1965)  concluded  that  experimental  treatment  of  plants  with  hor- 
mones or  with  environmental  changes  frequently  lead  both  to  physiologica 
responses  and  to  alterations  in  the  rate  of  protein  or  RNA  synthesis. 
He  questioned  that  are  the  changes  in  protein  and  RNA  the  causes  of 
subsequent  physiological  responses  or  do  the  physiological  responses, 
in  turn,  affect  protein  and  RT-fA  synthesis? 

In  the  present  studies  the  aut?ior  did  not  find  any  inhibitory  or 
other  effect  of  Puromycin  on  germination  or  tube  growth  of  Ornithogalurii 
pollen  (Table  3).     Similar  results  v/ere  found  in  preliminary  investi- 
gation in  this  laboratory  on  Antirrhinum  pollen.     It  is  possible  that 
pollen  germination  and  tube  groxvth  may  not  be  controlled  by  protein 
synthesis  or  the  concentration  of  Puromycin  used  in  this  study  was  not 
sufficient  to  bring  about  any  inhibition.     Also,   the  membrane  may  not 
be  sufficiently  permeable  to  Puromycin.     Walton  (1966)  while  studying 
the  germination  of  Phaseolus  vulgaris  concluded  that  initiation  of  axis 
elongation  is  apparently  dependent  on  synthesis  of  RiNA  and  protein  and 
Puromycin  inhibited  the  incorporation  of  C"'-'*- leucine  into  axis  protein. 
Puromycin  inhibited  the  increased  rate  of  oxygen  uptake  that  occurred 
when  the  axes  were  incubated  in  buffer  without  affecting  the  initial 
rate  of  uptake.     Marcus  and  Feeley  (1964)   suggested  that  activation  or 
synthesis  of  mRMA  is  a  pre-requisite  for  the  germination  of  peanuts  and 
wheat  while  Ixire  (1964)  proved  that  mRNA  synthesis  is  not  required  for 
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initial  growth  of  cotton  embryos.     Key  (1964)  agrees  with  Marcus  and 
Feeley  that  Puroraycin  inhibited  the  continuing  elongation  of  excised 
soybean  hypocotyl  tissue  and  that  RNA  and  protein  synthesis  were 
essential  for  the  process  of  cell  elongation  to  proceed  at  the  normal 
rate.     Inhibition  of  incorporation  of  amino  acids  into  protein  by  dia- 
phragm in  the  presence  of  Purornycin  v/as  studied  by  Vvool,  Castles,  and 
Moyer  (1965),  and  the  inhibition  by  Purornycin  of  incorporation  into 
muscle  protein  of  radioactivity  from  several  amino  acids  has  been 
demonstrated  (Eboue-Eonis  £t  al^- ,   1963;   Fritz  and  Knobile,   1963;  Carlin 
and  Hechter,  1964;  Castles  and  Wool,   1964),  and  seems,   therefore,   to  be 
a  general  phenomenon  applied  to  all  amino  acids.     It  has  been  suggested 
(Castles  and  Wool,  1964;   Elsas  et  a_l .  ,  1967)   that  the  membrane  carrier 
for  amino  acids  may  be  a  protein  with  a  rapid  rate  of  turnover,  because 
the  extensive  incubation  with  Purornycin  lowers  the  capacity  of  muscle 
to  take  up  a.mino  acids,  although  the  effect  is  not  seen  in  shorter 

incubations.     Manchester  (1967)  has  also  confirmed  the  inhibitory 
t 

effect  of  Purornycin  and  cycloheximide  on  accumulation  of  ajiiinoisobuty- 
rate. 

Interaction  Among  Growth  Regulators 

The  discovery  of  auxins  was  the  outcome  of  experiments  designated 
to  explain  a  correlation  effect:     phototropisra.     The  term  auxin  in- 
cludes two  types  of  the  materials:     the  growth  hormones,  which  are 
natural  plant  constituents  and  which  regulate  cell  enlargement  in  the 
manner  of  indoleacetic  acid  (lAA),  and  the  natural  or  synthetic 
materials,  which  can  also  stimulate  cell  enlargement  in  the  manner  of 
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lAA  but  which  are  not  natural  components  of  the  growth-regulating 
systen  in  the  plant.     Since  chemists  use  different  schemes  for  naming 
components,   indoleacetic  acid  is  also  called  indolylacetic  acid, 
3-indole-acetic  acid,  beta-indolylcacetic  acid  and  indole-3-acetic 
acid.     Further,  since  indoloeacetic  acid  induces  cell  elongation  it 
belongs  to  the  class  of  compounds  which  are  designated  "auxins"  and 
since  lAA  is  found  occurring  naturally  in  plants,  it  may  also  be  called 
a  hormone  (Tukey,   1954).     Recently  Galston  (1967)  has  also  defined  the 
hormones  as  organic  substances,  synthesized  in  minute  quantities  in 
one  part  of  the  organism  and  transported  to  another  locale  where  they 
are  active  and  in  order  for  a  hormone  to  act  as  a  regulator  it  must 
constantly  be  present  in  short  supply.     Kogl  et_  aJ .    (1934)  described 
lAA  as  auxin  and  this  chemical  was  purified  from  plant  materials  by 
Kogl  and  Kostermans   (1934)  and  by  Thimann  (1935).     The  subsequent  study 
of  auxins  has  been  dominated  by  interest  in  its  control  over  growth. 
Inhibitory  responses  to  auxin  are  very  general.     Roots  are  particularly 
sensitive  to  auxins.     It  is  known  that  plant  contains  many  chemically 
and  physiologically  distinct  types  of  hormones,   including  auxin, 
gibberellin,  cytokinin,  abscisin,  and  ethylene  (Leopold,  1964). 

Not  only  the  developing  seeds  but  the  pollen  of  many  plants  has 
been  shown  to  be  a  rich  source  of  natural  auxin.     As  early  as  1902 
Massart  observed  a  slight  enlargement  of  the  ovary  in  certain  orchids 
as  a  result  of  placing  dead  pollen  on  the  stigma,   and  later  Fitting 
(1909)  obtained  similar  results  using  water  extracts  of  both  dead  and 
living  pollen.     Yasuda  (1934)  succeeded  in  stimulating  the  growth  of 
unpollinated  ovaries  of  the  aubergine  by  injecting  them  with  a  water 


extract  of  Petunia  pollen;  and  Gustafson  (1936)  obtained  similar  re- 
sults using  chloroforni  extracts  applied  in  lanolin  to  the  cut  bases  of 
styles.     In  general,  it  seeias  that  the  amount  of  auxin  contained  in 
the  pollen  which  reaches  the  stigma  in  noriaal  pollination  is  quite  inade 
quate  to  initiate  fruit  development.     This  auxin  may  nevertheless  play 
an  important  role  in  the  gro-.^th  of  the  pollen  tubes  themselves,  and 
in  some  plants  it  may  also  serve  to  prevent  premature  abscission  of  the 
style.     The  auxin  of  the  pollen  grains  may  also  play  a  vital  part  in 
bringing  the  ovules  into  condition  for  fertilization.     It  is  no'.v  known 
that  lAA  is  widespread  in  plants.     It  is  present  particularly  in  grov/ing 
regions,   such  as  shoot  tips  and  young  leaves.     Pollen  is  a  rich  source. 
The  presence  of  IA/\  has  been  reported  in  pollen  of  apple  (Larsen  and 
Tung,  1950),  orchid  (Muller,  1953),  tobacco  (Lund,  1956),   date  palm 
(Lunden,   1954)  and  corn  (Fukui  et  al . ,  1958). 

Smith  (1939)  v\7hile  working  on  the  influence  of  3-IA.'\  on  pollen  of 
Tr a de s c an t i a ,  Polygonatum  ,  Lathyrus  and  Pinus  s{>ecies,   found  the 
following  effects  at  1  ppm:     i)     germination  was  stimulated  in  such  a 
way  that  the  pollen  tube  appeared  in  considerably  less  time  than  in 
control;  ii)     rate  of  elongation  of  the  tube  was  increased;  iii)  a 
much  higher  percentage  of  gerraination  was  achieved;   iv)  greater  tube 
lengths  were  found  at  the  end  of  4  hours;  v)     the  pollen  of  Pinus 
austriacea  was  stimulated  to  germinate,  whereas  no  germination  occurred 
in  control. 

Goss   (1963)  reported  that  em  exogenous  supply  of  lAA  was  not 
necessary  for  in  vitro  germination  of  Orni thogaluin  caudatum  pollen. 
Panchal   (1?'-^^)   reported  that  low  concentration  (10  ppn)  of  lAA  promoted 
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germination  and  tube  cjrowth  of  Petunia  pollen.     Addicott   (1943)  reported 
that  lAA  at  1  ppra  was  more  stimulatory  than  any  other  concentration  on 
the  germination  and  the  tube  grov/th  of  Mi  11a  bif  lora  and  Tropoeolum  ma  jus 
pollen.     He  stated  that  germination  of  the  pollen  grains  and  subsequent 
groxvth  of  the  pollen  tubes  can  be  stimulated  independently.  Recently 
Burg  and  Eurg  (1966)  reported  that  in  the  tissues  of  Avena  coleoptile 
and  etiolated  pea  epicotyl  show  auxin  maixima  at  low  concentration 
(10  ^I)  of  lAA  because  at  lAA  concentration  higher  than  this,  ethylene 
formation  is  initiated,  and  ethylene  inhibits  growth,     Galston  (1967) 
demonstrated  that  action  of  auxin  involves  the  synthesis  of  new  pro- 
teins,  through  mechanisms  involving  the  nucleic  acids  which  regulate 
that  synthesis. 

In  the  present  studies  an  interaction  between  TIBA  and  lAA  was 
studied  by  the  author.     This  experiment  was  done  in  two  ways;  firstly 
keeping  the  TIBA  at  a  constant  level  and  using  lAA  at  various  concen- 
trations and  in  the  second  experiment  in  reverse  order.     In  the  first 
case  (Table  4)  no  effect  on  germination  or  tube  growth  over  control 
was  found,  which  suggests  that  there  is  an  interaction  between  the  two 
substances.     The  results  can  be  interpreted  that  TIBA  acts  as  an  lAA 
antagonist  through  direct  competition  with  auxin.     Waard  and  Florschutz 
(1948)  showed  that  the  influence  of  TIBA  on  the  growth  of  tomato  plants 
is  rather  complicated,  bringing  about  stimulation  and  inhibition  of 
grov;th  at  the  same  time  in  different  parts  of  the  plants,   and  they  sug- 
gested an  interaction  bet'.veen  TIBA  and  the  grov/th  substance  of  the 


plant.     Gals ton   (1947)   carried  out  experiments  with  TIBA  in  the  stand- 
ard A  vena  test  and  concluded  that,   this  substi\nce,  itself  without  auxin 
activity,  antagonized  and  might  completely  negate  the  effect  of  lAA.  He 
supposed  that  this  effect  to  be  due  to  a  destruction  of  the  later  sub- 
stance by  the  former. 

As  mentioned  earlier  TIBA  is  a  v/ell-known  auxin  antagonist,  the 
precise  mode  of  action  of  which  is  still  unknown,  however,   in  general 
it  is  thought  that  its  action  is  effected  through  an  interference  with 
the  normal  auxin  system  of  the  plant.     Grunshaw  and  Morey  (1965)  while 
working  on  the  induction  of  tension  vrood  of  TIBA  reported  that  the 
tension  wood  is  formed  under  condition  of  lAA  deficiency  and  tension 
wood  is  formed  bslov;  the  rings  of  TIBA  and  in  petioles  of  sv/eet  potato 
they  have  shown  that  TIBA  effectively  blocks  the  auxin  transport.  This 
idea  is  also  supported  by  Kennedy  and  Farrar  (1965).     Burton  and  Curley 
(1966)  shov^ed  that  TIBA  inhibited  apical  dominance,   increased  branching, 
enhanced  flower  formation  and  modified  leaf  structure.     They  believed 
that  these  TIBA  effects  were  brought  by  interference  with  auxin  trans- 
port in  the  plant  and  other  possible  interactions. 

Christie  and  Leopold  (1965)  studied  the  manner  of  TIBA  inhibition 
of  auxin  transport  using  corn  coleoptile  as  experimental  materials. 
They  reported  that  TIBA  only  slightly  inhibited  lAA  entry  but  severely 
suppressed  IA;\  exit.     Ability  of  increasing  concentration  of  lAA  to 
overcome  TIBA  inhibition  of  entry  but  not  of  exit  implies  differences  in 
the  TIBA  actions  on  the  two  processes.     Entry  and  exit  phases  of  trans- 
port are  different,   that  at  least  al  higher  auxin  concentrations  exit 
is  the  rate-limiting  feature  of  the  transport,  and  that  TIBA  selectively 
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suppresses  the  exit  phase.     Kuse  (1953,  1954)  reported  that  TIBA  blocked, 
at  the  site  of  its  application  the  basipetal  translocation  of  natural 
auxin  and  lAA.     The  same  author  (1958)  suggested  two  alternative  ex- 
planations for  the  effect  of  TIBA  blocking  the  downward  propagation  of 
the  gibberellin  effect  namely:     1)     the  translocation  of  gibberellin  is 
inhibited  by  TIBA,  just  as  natural  auxin  and  lAA,  and  2)  the  transloca- 
tion of  gibberellin  is  not  blocked,  but  its  growth  promoting  effect  is 
inhibited  at  and  below  the  site  of  TIBA  application.     He  noticed  a 
synergism  betiveen  gibberellin  and  auxin. 

Thimann  and  Bonner  (1948)  while  studying  the  effect  of  a  mixture 
of  TIBA  and  auxin  obtained  a  much  greater  curvature  than  the  auxin 
alone.     They  suggested  that  if  auxin  brings  about  its  growth-promoting 
action  by  combining  with  a  special  substrate,  then  TIBA  is  to  be  con- 
sidered as  sufficiently  alike  in  structure  to  lAA  to  be  able  to  combine 
with  the  ssune  substra.te.     This  combination  did  not  bring  about  growth 
but  it  still  leaves  open  a  small  number  of  spaces  or  active  groups  on 
the  substrate  with  which  auxin  can  combine.     Hay  (1956)  reported  that 
pre-treatment  v/ith  2,4-D  or  TIBA  inhibited  subsequent  translocation  of 
IA.\.     Gorter  (1949)  suggested  an  interaction  of  TIBA  with  auxin.  The 
blockade  of  transport  of  numerous  substances  was  described  by  Libber t 
(1959).     Sebanek  (1966)   reported  an  antagonism  betiveen  lAA  and  chloro- 
choline  chloride  (CCC)  as  between  lAA  and  TIBA. 

In  another  experiment  lAA  was  used  at  a  constant  level  and  TIBA 
at  various  concentrations  to  study  the  effect  of  this  combination  on 
gemination  and  tube  growth  of  Ornithogalum  pollen.     The  results  obtained 
were  rather  unexpected  as  compared  to  the  previous  test.     Table  5 


presents  these  results  shov/ing  that  at  lovi  concentration  of  TIBA  (10 
ppn)  a  synergistic  activity  '.vas  observed  in  germination  as  well  as  in 
tuba  growth  v;hile  subsequent  increase  in  TIBA  concentration  proved  to 
be  individually  effective.     A  well-marked  inhibition  was  found  in  ger- 
mination and  tube  growth.     This  discrepancy  cannot  totally  be  resolved 
at  present.     However,  these  results  can  be  studied  in  the  light  of  Waard 
and  Florschutz   (1948)  work.     These  authois  studied  the  effect  of  a 
combination  of  TIBA  and  lAA  in  succession  and  cane  out  with  the  results 
that  TIBA  proved  to  antagonize  heteroauxin  activity;  5-50  mg/1  of  the 
former  substance  inhibited  the  action  of  lAA.     Their  e>:perimental  results 
proved  that  TIBA,  when  applied  during  one  hour  in  a  concentration  of 
1  mg/1  inhibited  the  subsequent  action  of  IAi\.     IVhen  lAA  was  applied 
first,  the  resulting  curvature  was  not  influenced  by  a  subsequent  treat- 
ment with  TISA.     Galston  (1947)   reported  that  TIBA  causes  auxin  abbera- 
tion  in  the  plant  and  inhibits  the  action  of  lAA,  and  v/hen  present  in 
greater  molar  excess,  completely  negates  the  effect  of  the  latter.  He 
could  not  decide  whether  the  effect  was  due  to  destruction  of  lAA,  or 
to  a  competitive  inhibition  effect.     Skoog,  Schneider  and  Malan  (1942) 
reported  that  phenylbutyric  acid  might  possess  slight  auxin  activity, 
but  when  it  is  adjninistered  in  combination  with  lAA,   its  main  effect  is 
to  inhibit  the  activity  of  the  latter.     The  extent  of  this  inhibition 
is  a  function  of  the  relative  concentrations  of  the  two  substances  and 
is  therefore,  ascribed  to  copipetitive  action  between  them.     They  sug- 
gested that  the  phenylbutyric  acid  blocks  the  action  of  lAA  in  accord- 
ance with  the  relative  proportion  in  which  the  two  substances  are 
supplied.     Thimann  and  Bonner  (1948)   suggested  that  higher  TIBA  con- 
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centratioii  takes  up  all  the  spaces  or  active  groups,   so  that  auxin  is 
excluded  and  groivth  is  inhibited. 

In  Table  6  the  effect  of  t-a\  and  TIBA  is  shoivn.     Cinnamic  acid  is 
found  .in  two  forms,  cis  form  is  considered  to  be  an  auxin  (ODOH  group 
placed  above  the  ring)  and  trans  form  as  antiauxin  (COOH  group  pointing 
away  froivi  the  ring).     Haagen-Smith  and  Went  (1935)  reported  cis-cinnamic 
acid  to  be  an  auxin  and  t-CA  to  be  inactive.     Van  Overbeek  _e_t  al^.  (1951) 
considered  t-CA  as  antiauxin.     t-CA  is  also  considered  to  be  a  naturally 
occurring  precursor  to  indole  (Mitchcl,   1949).     Consequently,  via  trypto- 
phan,  indolepyruvic  acid  and  indole-acetaldehyde  it  may  be  considered 
a  precursor  of  lAA.     The  acid  inhibited  growth  of  young  guayule  seedlings 
more  than. of  tomato  seedlings  (Bonner,   1950).     Table  6  indicates  that 
the  inhibition  in  pollen  germination  and  tube  grov/th  is  well  marked  as 
compared  to  their  individual  effects.     This  suggests  that  there  is  no 
interaction  between  the  two-growth-regulators  at  the  concentration 
range  used  here.     These  results  are  supported  by  the  studies  of  Nagao 
and  Ohwalci   (1955).     While  studying  the  effect  of  t-CA  and  TIBA  on  the 
growth  Nagao  and  Ohv/aki  reported  that  both  t-CA  and  TIBA  inhibit  the 
growth  in  any  concentration  of  lAA  and  that  inhibition  increases  with 
increasing  concentration  of  these  inhibitors.     That  t-CA  is  able  to  ' 
inhibit  the  grotvth  of  pea  stem  sections  was  verified  by  Van  Overbeek 
et  al.   (1951).      Nagao  and  Ohwaki   (1955),  Tanaka  (1964),   and  Goss  (1968) 
did  not  consider  t-CA  as  an  antiauxin. 

The  effect  of  TIBA  and  Puromycin  was  investigated  and  results  are 
shown  in  Table  7.     These  results  suggest  that  there  is  no  synergistic 
activity  between  the  two  svibstances.     Zne  results  were  as  expected  because 
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in  Table  3  it  is  shown  that  Puroraycin  h?.s  no  effect  on  germination  and 
tube  growth  of  Ornithogalum  pollen  and  that  the  pre-treatment  or  pre- 
sence of  TIBA  in  the  mixture  at  a  constant  level  did  not  alter  the  re- 
sults.    TIBA  at  a  constant  level  has     produced  its  inhibitory  effect  and 
Puroinycin  v^'as  considered  to  be  not  controlling  germination  of 
Ornithogalum  pollen,  hence  no  synergistic  activity  betv/een  the  growth 
regulators  was  observed. 


SUr>lMARY 

In  vitro  studies  of  the  effect  of  two  growth-regulators  viz  TIBA 
and  Puromycin  on  germination  and  tube  growth  of  Orni  thogalum  cau datura 
Ait.  pollen  have  been  made.     Petunia  hybrida  Vilm.  pollen  were  also  used 
to  determine  the  effect  of  TIBA  on  germination  and  tube  growth.  Fresh 
pollen  v;erc  germinated  by  the  modified  hanging  drop  method,  using  a 
suitable  nutrient  medium  for  each.     The  tests  were  made  at  24-29°  C  and 
optimum  pH  (4.2-5.4  pH  for  Orni thogalum  and  5.9-6.7  for  Petunia) .  Ob- 
servations on  percentage  germination  and  tube  growth  were  made  30-60 
minutes  after  inoculation. 

It  was  found  that  TIBA  at  the  concentration  range  used  inhibited 
the  germination  and  tube  growth  in  both  species.     The  response  of  pollen 
tube  growth  to  various  concentrations  of  this  grov/th-regulator  in  vitro 
experiments  was  found  to  be  more  significant  than  germination.     It  was 
also  found  that  petunia  pollen  are  more  sensitive  to  TIBA  concentrations 
than  Ornithoga3 um  pollen.     Puromycin,  an  antibiotic,   is  considered  to  be 
an  inhibitor  for  RNA  and  protein  synthesis  shov/ed  no  inhibition  in 
Ornithogalum  pollen  germination  and  tube  growth. 

The  effect  of  combination  of  TIBA  with  lAA,   t-CA  and  Puromycin  on 
germination  and  tube  groivth  of  Ornithogalum  pollen  was  also  studied. 
An  interesting  phenomenon  was  observed  with  the  TIBA  and  lAA  combination. 
Keeping  TIBA  concentration  constant  and  using  lAA  at  different  concen- 
trations, it  was  found  that  the  inhibition  effect  of  one  was  alleviated 
by  the  other,  which  might  be  due  to  an  interaction  between  these  two 
growth  regulators.     On  the  other  hand  no  such  interaction  was  observed 
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when  lAA  concentration  was  kept  constant  and  using  TIBA  at  various  con- 
centrations. 

A  constant  inhibition  on  germination  and  tube  growth  was  observed 
with  the  combination  of  t-CA  and  TIBA.     Hence  the  effect  is  supplementary. 
Puromycin  did  not  alleviate  the  inhibition  effect  of  TIBA  on  gemination 
and  tube  grov;th  of  Ornithoga  1  urn  pollen.  ''•  ■  ^. 
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Fresh  pollen  of  0 r n i, t ho ga  1  urn  caudatum  Ait.  and  Petunia  hybrida. 
Vilftt.  were  genainated  in  the  absence  or  presence  of  2 , 3, 5-triiodobenzoic 
acid  (TIBA)  and  germination  percentage  and  pollen  tube  growth  was 
studied.     Goss  (1962)  basal  media  with  modified  hanging  drop  method  for 
cultxiring  these  pollen  were  used.     TIBA  gave  an  increasing  inhibition 
over  control  in  germination  and  pollen  tube  grov/th  in  both  species  at  a 
concentration  of  20,  40,  60,  80  and  100  ppm.     A  59%  inhibition  over 
control  in  germination  percentage  and  8355  in  pollen  tube  growth  v/as  ob- 
served at  100  ppm  TIBA  in  Ornithogalum  while  at  the  same  concentration 
(100  ppm)  of  TIBA  96%  inhibition  over  control  in  germination  and  87%  in 
pollen  tube  growth  was  found  in  petunia.     Effect  of  Puromycin  was  also 
studied  on  germination  and  tube  growth  of  Ornithogalum  pollen.  Puromycin 
at  the  concentration  range  used  (20  through  100  ppm)  did  not  show  any 
inhibition  in  this  species. 

The  effect  of  combination  of  TIBA  with  indole-3-acetic  acid  (lAA), 
Trans "cinna-mic  acid  (t-CA)  and  Puromycin  on  germination  and  pollen  tube 
growth  of  Ornithogalum  v/as  studied.     An  interesting  phenomenon  v/ith 
combination  of  TIBA  and  lAA  v/as  observed.     Keeping  TIBA  concentration 
constant  and  using  lAA  at  various  concentrations  it  was  found  that  the 
inhibition  effect  of  TIBA  was  alleviated  by  lAA.     This  shows  an  antago-  . 
nism  between  TIBA  and  lAA.     On  the  other  hand  keeping  lAA  concentration 
constant  and  using  TIBA  at  different  concentrations  no  such  mechanism 
was  found. 

In  a  "combination  of  t-CA  and  TIBA,   it  was  found  that  TIBA  did  not 
alleviate  the  inhibitory  effect  of  t-CA.     The  effect  v/as  supplementary. 
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The  effect  of  combination  of  TIBA  and  Puromycin  on  germination  and 
pollen  tube  grov/th  of  0 r n i t ho g a  1  u m  was  also  studied.     It  was  found 
that  Puromycin  did  not  cxlleviate  the  inhibitory  effect  of  TIBA,  sug- 
gesting the  absence  of  interaction  between  these  two  compounds. 

The  conc.?ntraticns  of  TIBA  used  in  this  study  v;ere  similar  to  and 
often  less  than  those  used  by  others  as  field  sprays  to  alter  flowering. 
So  this  study  indicates  the  possibility  that  sorp.e  of  the  variations  ob- 
served in  the  field  vm.y  be  due  to  the  effects  of  TIBA  in  inhibiting 
pollen  tube  development,  and  therefore  the  normal  functioning  of  pollen 
in  fertilization. 


